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Abstract
We study a dark matter model with local B − 3Li symmetry that is known as anomaly free
and requires a single right-handed neutrino. Here we have two dark matter candidates; that is,
fermionic or bosonic one. We focus on analyzing each of the case within the light mass region,
which is required by the perturbative theory of the Higgs quartic coupling.
1HOkada@kias.re.kr
1 Introduction
Recently a single right-handed neutrino scenario (but not with a single η) was proposed by D. Hehn
and A. Ibarra group [1] and discussed promising dark matter (DM) candidates in the framework of
radiative seesaw model [2]. One of the promising achievement of a single right-handed neutrino is to
introduce gauged B − 3Li proposed by E. Ma [3, 4, 5].
Combining appropriately the radiative seesaw model and gauged B − 3Li model, in our paper,
we try to analyze two DM candidates ; that is, fermionic one (right-handed neutrino) or bosonic
one (neutral inert Higgs). The neutrino sector can be mainly led in the five-dimensional operator
without any right-handed neutrinos. One also finds that these DMs can be independently analyzed
from the form of the lepton mass matrix because DMs do not affect to the matrix, which is unlike
the typical radiative seesaw model.
This paper is organized as follows. In Section 2, we set up our model and explain the lepton
sector and Higgs sector. In Section 3, we discuss the DM properties in the fermionic case and the
bosonic case. In Section 4, we conclude the paper.
2 The Model
Particle Le Lµ Lτ ec µc τc N c Φ η χ
SU(2)L 2 2 2 1 1 1 1 2 2 1
YB−3Le 3 0 0 −3 0 0 3 0 0 −3
Z2 + + + + + + − + − +
Table 1: The field content and the charges. Here we take i = e of B − 3Li as an example.
The seesaw mechanism can be realized by introducing the B − 3Li symmetry which is sponta-
neously broken at TeV scale. The field content of our model is shown in Table 1 and the Lagrangian
1
in the lepton sector is
L = yeLeΦec + yµLµΦµc + yτLτΦτ c + y′µτLµΦτ c + yµτLτΦµc (2.1)
+ y′eµLeΦµ
cχ+ y′eτLeΦτ
cχ + yeµLµΦe
cχ† + yeτLτΦe
cχ† (2.2)
+ yνLeηN
c +
yN
Λ
χ2N cN c (2.3)
+
λν1
Λ
(Lµφ)(Lτφ) +
λν2
Λ
(Lµφ)
2 +
λν3
Λ
(Lτφ)
2 (2.4)
+
λν4
Λ2
(Leφ)(Lµφ)χ+
λν5
Λ2
(Lτφ)(Leφ)χ (2.5)
+
λν6
Λ3
(Leφ)
2χ2 + h.c., (2.6)
where Λ is a cut-off scale to be O(107∼8) GeV to maintain λνi ≤ O(1). As a result we obtain the
right-handed mass range as follows; O(1) GeV ≤ mNC ≤ O(10) GeV, where mNC = yNv′2/Λ and v′
is set to be 12 TeV to satisfy the LEP bound [6].
After the symmetry breaking, that is χ = (χ0 + v′)/
√
2, Φ = (φ+, φ)T with φ = (φ0 + v)/
√
2 and
v = 246 GeV, the neutrino sector in the flavor basis can be written as
Mℓ ≃


yev
y′eµ
Λ
vv′ y
′
eτ
Λ
vv′
yeµ
Λ
vv′ yµv y
′
µτv
yeτ
Λ
vv′ yµτv yτv

 , Mν ≃


δmν +
λν
6
Λ3
v2v′2
λν
4
Λ2
v2v′
λν
5
Λ2
v2v′
λν
4
Λ2
v2v′
λν
2
Λ
v2
λν
1
Λ
v2
λν
5
Λ2
v2v′
λν
1
Λ
v2
λν
3
Λ
v2

 , (2.7)
where δmν is obtained through the radiative seesaw mechanism in Ref. [2]
1. Here notice that
η ≡ (η+, (ηR + iηI)/
√
2)T with (η0 = (ηR + iηI)/
√
2)) does not have any vacuum expectation values
(VEV). Apparently these mass matrices can successfully lead the observed neutrino mass and mixing
[7, 8, 9], and our DM candidate N c or η0 is independent of the form of the these matrices. Hence
we are apart from the discussion of lepton sector. Notice furthermore that there is no constraint of
N c, that is DM, from LFV violation, since the first charged lepton flavor eigenstate Le is almost the
same as the mass eigenstate at the leading order as can be seen in Eq. (2.7).
1Here we take i = e of B − 3Li as an example, however the other choices are possible because they do not change
the result of the lepton mass and mixing by introducing an appropriate rotating matrix. Only the difference is the
final state of the DM annihilation.
2
2.1 Higgs Sector
The Higgs potential of this model is given by 2
V = m21Φ
†Φ+m22η
†η +m23χ
†χ + λ1(Φ
†Φ)2 + λ2(η
†η)2 + λ3(Φ
†Φ)(η†η) + λ4(Φ
†η)(η†Φ)
+λ5[(Φ
†η)2 + h.c.] + λ6(χ
†χ)2 + λ7(χ
†χ)(Φ†Φ) + λ8(χ
†χ)(η†η), (2.8)
where λ5 has been chosen to be real without any loss of generality. Inserting the tadpole conditions;
m21 = −λ1v2 − λ7v′2/2 and m23 = −λ6v′2 − λ7v2/2, the resulting mass matrice are given by
m2(φ0, χ0) =
(
2λ1v
2 λ7vv
′
λ7vv
′ 2λ6v
′2
)
=
(
cosα sinα
− sinα cosα
)(
m2h 0
0 m2H
)(
cosα − sinα
sinα cosα
)
,
(2.9)
m2(η±) = m22 +
1
2
λ3v
2 +
1
2
λ8v
′2, (2.10)
m2R ≡ m2(Reη0) = m22 +
1
2
λ8v
′2 +
1
2
(λ3 + λ4 + 2λ5)v
2, (2.11)
m2I ≡ m2(Imη0) = m22 +
1
2
λ8v
′2 +
1
2
(λ3 + λ4 − 2λ5)v2, (2.12)
where h implies standard model (SM)-like Higgs and H is an additional Higgs mass eigenstate. Here
we identify mR as DM mass (mDM). The masses of φ
0 and χ0 are rewritten in terms of the mass
eigenstates of h and H as
φ0 = h cosα +H sinα,
χ0 = −h sinα +H cosα. (2.13)
3 Dark Matter
In our model, there are two DM candidates; that is, the right-handed neutrino NC or the neutral
inert Higgs boson ηR/ηI . In bosonic case, however, we assume ηR is DM. The mass m
c
N is given by
yNv
′2/Λ, as can be seen in the previous section, and the mass range should be O(1) GeV ≤ mχ ≤
O(10) GeV in order to maintain λνi ≤ O(1). Hereafter, we symbolize DM as χ and strict ourselves
the DM mass region of 1− 10 GeV for both cases. Below we analyze each of DM candidate.
2In details, see Ref. [10].
3
3.1 Fermionic Dark Matter
In case of fermionic DM(NC ≡ χ), the effective Lagrangian is given by
L ≃ yν(ℓeη+ − νeηo)χ+ mχ√
2v′
χχ(−h sinα +H cosα) + yf√
2
(h cosα +H sinα)f f¯ , (3.1)
where the first term plays an role in explaining the observed relic density reported by WMAP [11].
The other terms are relevant to direct detection experiments 3.
The annihilation cross section to explain WMAP is obtained through the t and u channels with
the final states of an e− − e+ pair and a νe − ν¯e pair as follows [12]:
σveff ≃ |yν|
2
24π
m2χ(m
4
χ +m
4
η)
(m2χ +m
2
η)
4
v2eff , (3.2)
where veff is the relative velocity and we assume that these masses of the final states are taken to
be zero.
In the direct detection, the spin independent elastic cross section σSI with nucleon N is given by
σSI ≃ µ
2
DM
π
(
1
m2h
− 1
m2H
)2(
mχmN sinα cosα
vv′
∑
q
f pq
)2
, (3.3)
where µDM =
(
m−1χ +m
−1
N
)−1
is the DM-nucleon reduced mass. The parameters f pq are determined
by the pion-nucleon sigma term as follows:
f pu = 0.023, f
p
d = 0.032, f
p
s = 0.020, (3.4)
for the light quarks and f pQ = 2/27
(
1−∑q≤3 f pq ) for the heavy quarks Q(= c, b, t) [13] where q ≤ 3
implies the summation of the light quarks. As a result, we obtain the elastic scattering cross section
as
1.0× 10−52(cm2) . σSI . 1.0× 10−50(cm2). (3.5)
In the view of indirect detections, we should consider a constraint of no excess of the antiproton
flux, which is proportional to σveff./m
2
χ, reported by PAMELA [14], since our mχ is tiny and couples
to quarks. Moreover if the σveff. has s-wave, the amount of the cross section is retained to the
current universe with no suppression of the relative velocity [15]. As a result antiproton might be
overproduced, depending on the profile [16]. In other words, our DM is completely safe, because our
σveff. does not have s-wave in Eq.(3.2).
3Notice that our χ has a coupling of χ − χ − Z ′, where Z ′ is an extra neutral gauge boson. However the process
vanishes in the spin independent scattering since χ is the Majorana type particle.
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The LHC experiment recently reported an invisible decay of the SM-like Higgs that the branching
ratio Brinv is excluded to the region 0.4 ≤ Brinv [18], when mχ < mh/2. Our invisible decay width
is given by
Γ(h→ 2χ) ≃ mh
2π
(
mχ sinα
v′
)2√
1
4
−
(
mχ
mh
)2 [
1
2
−
(
mχ
mh
)2]
, (3.6)
where we fix the mass of SM-like Higgs to be 125 GeV [19, 20]4. As a result, we find our Brinv is at
most less than 10−3, which is safe for the LHC experiment.
As a conclusion, we obtain the elastic scattering cross section as
1.0× 10−52(cm2) . σSI . 1.0× 10−50(cm2) with 1 GeV . mχ . 10 GeV, (3.7)
where we take the limit of the maximal mixing of sinα for simplicity. Notice here that the above
result is obtained by the direct detection , since the annihilation cross section to explain WMAP
has two independent parameters yν and mη and the invisible decay constraint of LHC satisfies our
model. It implies that future experiments could be tested.
3.2 Bosonic Dark Matter
In case of bosonic DM(ηR ≡ χ), the mass mχ should be always less than the right-handed mass
mNc(. O(10) GeV) in order to forbid the too fast decay through term yνLeηN c, and there are two
annihilation modes; t and u channel of 2N c → η0(±) → 2ν(ℓℓ¯) and s-channel of 2η → h/H → f f¯ .
However since the t and u channel does not have s wave contribution, the dominant cross section is
given only through the s channel as follows [21]:
σveff. ≃
∑
f
cfy
2
f
2π
∣∣∣∣ λh cosα4m2χ −m2h + imhΓh +
λH sinα
4m2χ −m2H + imHΓH
∣∣∣∣
2
, (3.8)
2λh ≡ (λ3 + 2λ4 + 2λ5)v cosα− λ8v′ sinα,
2λH ≡ (λ3 + 2λ4 + 2λ5)v sinα + λ8v′ cosα,
where mDM = mR is DM mass, yf is Yukawa coupling of SM matter particle, Γh = 4.1× 10−3 GeV
[22], ΓH =
∑
f
cfy
2
f
cos2 α
16π
mH
(
1− 4m
2
f
m2
H
)3/2
, and the color factor cf is 3 for quarks and 1 for leptons.
Since our DM is less than mh/2, the invisible decay constraint should be considered. Our invisible
decay width is give by Γ(h→ 2χ) ≃ λ2h
16πmh
√
1− 4m2χ/m2h, which is the same result as in Ref. [21].
4See the Ref. [17] for the total branching ratio of SM Higgs.
5
In the direct detection, the spin independent elastic cross section σSI with nucleon N is given by
σSI =
µ2DM
π
m2N
m2χv
2
(
λh cosα
m2h
+
λH sinα
m2H
)2(∑
q
f pq
)2
, (3.9)
where µDM and f
p
q has been defined in the fermionic part.
Considering all these constraints, we find the elastic scattering cross section5 as
5.0× 10−41(cm2) . σSI . 5.0× 10−40(cm2) with 1 GeV . mχ . 10 GeV. (3.10)
The range of the cross section is consistent with CRESSTII [23], CoGeNT [24], and DAMA [25].
4 Conclusions
We studied the Dark matter features of right-handed fermion N c and neutral inert boson ηR in a local
B−3Li partially radiative model. Due to the perturbative theory of the Higgs quartic coupling, both
of DMs masses should be within O(10) GeV. In case of the fermionic DM, we find that the maximum
scattering cross section is found to be 1.0 × 10−52(cm2) . σSI . 1.0 × 10−50(cm2) with 1 GeV .
mχ . 10 GeV, It implies that future experiments could be tested. On the other hand, in case
of the bosonic DM, the elastic scattering cross section is found to be 5.0 × 10−41(cm2) . σSI .
5.0 × 10−40(cm2) with 1 GeV . mχ . 10 GeV. It tells us that the range of the cross section is
consistent with CRESSTII [23], CoGeNT [24], and DAMA [25].
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